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1. Introduction 



> 
CO 
OO 

' We will discuss the modification of the Coulomb law and atomic spectra in super- 

strong magnetic field. The talk is based on papers, 1-3 see also. 4 

CN , 

2. D = 2 QED 

Let us consider two dimensional QED with massive charged fermions. The electric 
■ potential of the external point-like charge equals: 



where II(fc 2 ) is the one-loop expression for the photon polarization operator: 

1 



n(fc') = V 



>/t(i + 1) 



ln(Vl + t + Vi) - 1 



EE -VP(t) , (2) 



and t ee — k 2 /Am 2 , [g] = mass. 

In the coordinate representation for k — (0, k») we obtain: 



= 4719 J k 2 +Ag 2 P{k 2 /Am 2 ) ' (3) 
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With the help of the interpolating formula 

P(t) 



2t 



3 + 2i 

the accuracy of which is better than 10% for < t < oo we obtain: 

oo 

s lfc ii z dfc||/27r 



(4) 



<I> = 4irg 



k 2 + Ag 2 (k 2 /2m 2 )/(3 + k 2 /2m 2 ) 



4tt 5 



l + 2.g 2 /3m 2 



g z /3m< 



=exp 



(5) 



1 V6m 2 + V 

In the case of heavy fermions (m 3> 5) the potential is given by the tree level 
expression; the corrections are suppressed as g 2 /m 2 . 
In the case of light fermions (m <C <?): 

_f*e-W'\ ,*<fln(£) 
m« 5 {_ 27 r 5 (^) N ,,»Iln(^) . W 

m = corresponds to the Schwinger model; photon gets a mass due to a photon 
polarization operator with massless fermions. 



*(*) 



3. Electric potential of the point-like charge in D — 4 in 
superstrong B 

We need an expression for the polarization operator in the external magnetic field 
B. It simplifies greatly for B ^> B = m 2 /e, where m e is the electron mass and we 
use Gauss units, e 2 = a = 1/137.... The following results were obtained in: 2 

^/,\ 47re ,_. 
*( fc ) = : ~ 7~TT" . ( 7 ) 



k\ + 2^exp 



K \\ 
lin- 



<&(z) = 47re 



e ik W z dh\d 2 k ± /{2-K) 3 



k 2 + kl + ^cM-ki /(2eB))(fc 2 /2m 2 )/(3 + fcf/2m 2 ) 

1 _ e -V^lM _|_ e -y/(2/Tr)e3B+6m,l\z\~ 
,2 / 3 



For B <C 3nm /e 3 the potential is Coulomb up to small corrections: 



*(*) 



1 + 



e 3 B 



"if 



e 

e 3 B < to 2 ~ [J 

analogously to Z) = 2 case with substitution e 3 i? — > g 2 . 
For B > 37rm 2 /e 3 we obtain: 



(8) 



(9) 



*(z) = < 



(-V(2A)e3B|z|) 



rr(l " : 
I R ' 



_ x — «D) , JL > \ z \ > 1 ln^/r^T) 

' ' m. , - ;d ^y 37rmj y 



1*1 > 4- 



V(2/T)e 3 B 



(10) 
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V(z) = -e*(z) . 



(11) 



The close relation of the radiative corrections at B >> Bo in D = 4 to the 
radiative corrections in D = 2 QED allows to prove that just like in D = 2 case 
higher loops are not essential (see, for example, 5 ). 



4. Hydrogen atom in the magnetic field 

For B > B = m 2 e /e the spectrum of Dirac equation consists of ultrarelativistic 
electrons with only one exception: the electrons from the lowest Landau level (LLL, 
n = 0, a z = — 1) are nonrelativistic. So we will find the spectrum of electrons from 
LLL in the screened Coulomb field of the proton. 
The wave function of electron from LLL is: 



,2 U+|m|/ 



p\m\ e (imip-p /(4o H )) 



(12) 



where m = 0,-1, —2 is the projection of the electron orbital momentum on the 
direction of the magnetic field. 

For an = 1/y/eB <bb = l/(m e e 2 ) the adiabatic approximation is applicable 
and the wave function looks like: 



*n0m-l = Rom(p)Xn(z) , 

where Xn{z) satisfy the one-dimensional Schrodinger equation: 

1 d 2 



2m e dz 2 



Ueff(z) 



Xn(z) = E n Xn(z) . 



(13) 



(14) 



Since screening occurs at very short distances it is not important for odd states, for 
which the effective potential is: 



U, 



eff 



\R0m(p)\' 

\lp 2 + z< 



d 2 p , 



(15) 



It equals the Coulomb potential for \z\ an and is regular at z = 0. 
Thus the energies of the odd states are: 



Eodd — - 



m e e 
~2^ 



O 



m 2 e 3 
B 



1,2, 



(16) 



and for the superstrong magnetic fields B > m 2 /e 3 they coincide with the B aimer 
series with high accuracy. 

For even states the effective potential looks like: 



Ueff(z) 



d 2 P 



1 _ e -\/6^f z + e -^(2/TT)e3B+6r. 



(17) 



March 6, 2013 12:40 



WSPC - Proceedings Trim Size: 9.75in x 6.5in yerevanproc 



odd 
(Balmer) 



n=5 
n=4 

n=3 



n=2 



n=l 



m=0 m=-l 



m=-5 



B -> infinity 



Fig. 1. Spectrum of the hydrogen atom in the limit of the infinite magnetic field. Energies are 
given in Rydbcrg units, Ry = 13.6 eV . 



Integrating the Schrodinger equation with the effective potential from x = till 
x = z, where an « z « clb, and equating the obtained expression for x'( z ) to 
the logarithmic derivative of Whittaker function - the solution of the Schrodinger 
equation with Coulomb potential - we obtain the following equation for the energies 
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of even states: 



In 



= A + 21nA + 2V>(l-i ) +ln2 + 47 + ^(l + |m|) , (18) 



e 6 



x air 



where H = B / \m 2 e e 3 ), ip(x) is the logarithmic derivative of the gamma- function 
and 

E = -(m e e 4 /2)A 2 . (19) 
The spectrum of the hydrogen atom in the limit B ^> rri^/e 3 is shown in Fig. 1. 

5. Screening versus critical nucleus charge 

Hydrogen-like ion becomes critical at Z w 170: the ground level reaches lower con- 
tinuum, Bq — —m ei and two e + e~ pairs are produced from vacuum. Electrons with 
the opposite spins occupy the ground level, while positrons are emitted to infinity. 6 
According to 7 in the strong magnetic field Z CI diminishes: it equals approximately 
90 at B = 100-Bo; at B — 3 ■ 10 4 i?o it equals approximately 40. Screening of the 
Coulomb potential by the magnetic field acts in the opposite direction and with 
account of it larger magnetic fields are needed for a nucleus to become critical. 
The bispinor which describes an electron on LLL is: 



Ipe 



U^expC-p 2 /^)) ' Xe G/(z)exp(-p74a 2 ff ) J ' (20) 
Dirac equations for functions f(z) and g(z) look like 



g z - (e + m e - V)f = 
f z + ( e - TOe - V)g = 



(21) 



where g z = dg/dz, f z = df /dz. They describe the electron motion in the effective 
potential V(z): 



CO 



X 



1 _ e-V^fkl + e -y/(2/*)e3B+6m2\z\ 
-p A /2a 2 H 

fPdp ■ (22) 



re- 



integrating (|2ip numerically we find the dependence of Z CY on the magnetic field 
with the account of screening. The results are shown in Fig. 2. For the given nucleus 
to become critical larger magnetic fields are needed and the nuclei with Z < 52 do 
not become critical. 
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B/B„ 10 5 




Fig. 2. The values of B^ r : a) without screening according to, 7 dashed (green) line; b) numerical 
results with screening, solid (blue) line. The dotted (black) line corresponds to the field at which 
an becomes smaller than the size of the nucleus. 
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